The changes in tthe characteristics of thyrotropin (TSH) binding to thyroid plasma membranes during the activation of cyclic AMP-dependent protein kinase in the membranes were studied.
Preincubation of thyroid plasma membranes with TSH or cyclic AMP reduced the maximal binding capacity but increased the association rate for TSH binding.
In double reciprocal analysis, a marked reduction of the total number of binding sites and association constant was observed in the membranes treated with cyclic AMP. These reductions were also observed in the membranes preincubated with buffer alone. The degreee of these reductions, however, was greater in the membranes pretreated with cyclic AMP.
During incubation of the membranes with buffer alone, cyclic AMP formation (activation of adenylate cyclase) was observed though the degree of the formation was lower than that induced by TSH. The results sugggested that not only TSH receptor release from thyroid plasma membrane but also the modification of TSH binding activity in the membrane is produced by cyclic AMP-dependent protein kinase.
In our previous report, we have demonstrated that adenosine 3', 5'-monophosphate (cyclic AMP)-dependent protein kinase and its substrate are present in thyroid plasma membranes (Hashizume and DeGroot, 1979 a & b) , and that the activation of the enzyme stimulates TSH receptor release from thyroid plasma membranes in vitro (Hashizume and DeGroot, 1980) . Agents which stimulate adenylate cyclase activity, such as prostaglandins (Hashizume et al., 1975 (Hashizume et al., , 1976 , biogenic amines (Hashizume et al., 1976 , Onaya et al., 1977 and immunoglobulin G from patients with Graves' disease (Hashizume et al., 1976 ) also could release TSH binding activities from thyroid plasma membranes (Hashizume and DeGroot, 1985) . In these conditions, one might predict that the TSH binding activity in the thyroid plasma membrane may also be modified by preceding activation of adenylate cyclase or by activation of cyclic AMP-dependent protein kinase. The aims of this study were to evaluate the changes in the characteristics of TSH binding by preceding activation of protein kinase which requires cyclic AMP in the thyroid plasma membrane.
Materials and Methods
Bovine thyroid plasma membranes were prepared as previously described , Fenzi et al., 1978 (Hashizume et al., 1975 (Hiramatsu et al., 1983) , was undetectable. LATS activity was measured as previously described (Hashizume et al., 1976 However, a decrease was also observed in the membranes incubated with buffer alone. In addition to the finding that the decrease was stimulated by adding cyclic AMP to the incubation medium, we observed that cyclic AMP production in the membrane occurred spontaneously even in the absence of TSH in vitro, and we also observed that the decrease was temperature dependent, suggesting that the decrease in the number may be due to a physiological process which requires cyclic AMP. Previously we have found a membrane-associated protein kinase which is distinct from the enzyme present in the cytosol fraction , and found that one of the functions of the membrane-associated enzyme is TSH receptor degradation (Hashizume and DeGroot, 1985) . While it is possible that the receptor degradation may be closely related to the decrease in the number of TSH binding sites in the membrane, we can now speculate that the protein kinase activation induces structural changes in plasma membrane and that this results not only in the TSH receptor release but also in the decrease in the number of TSH binding sites, and that these events may contribute to the regulation of TSH binding at the plasma membrane.
Another modification, the increase in binding affinity, was also introduced by cyclic AMP. Although the precise mechanism of the increase is not certain, the structural changes in the plasma membrane, which is induced by activation of cyclic AMP-dependent protein kinase, may be related to the phenomenon. In a previous report (Hashi- (Hashizume and DeGroot, 1980) . Although these findings suggested that the residual TSH receptors on the membrane also have two affinities, a significant decrease in the number of TSH binding sities in the membrane was observed only in the high affinity component in Scatchard analysis (Data not shown). Therefore, it might be possible that the high affinity component is strongly influenced by the activation of cyclic AMPdependent protein kinase. However, we found a cyclic AMP-induced increase in TSH binding affinity in the membrane in studies of the time course in vitro. Since the capacity of TSH binding sites in low affinity component is very great , Tate et al., 1975 , and two distinct receptors can be transformed into each other during the activation of plasma membrane (De Meyts, 1975) , a large amount of low affinity TSH receptor can be transformed into high affinity receptor during the activation of membrane-associated protein kinase. While the role of membrane-associated protein kinase is no doubt important in the regulation of TSH receptor function, more studies on the characterization of the function of each receptor (high and low affinity TSH receptors) is needed to clarify the physiological meaning of the changes in TSH binding characteristics in the thyroid plasma membrane.
